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Abstract
~ Me attenuation transmission system (BaTS! Is an au-tad radlatlon
WW*l~ for Wntitative masurmant of ccmment thickness In ●x-
ploslve atmators. The BATS was designed and ‘.,, ilt by GraIp H-1, the
-tmcttve Testing Group. of the os Alamos :cientlflc Laboratory to
maawra the areal thickness, In W/ c+ , of a cylinder of high ●xplosive
(~) enclosed wlthlna plastic holder. The problem is to detamlna the
density of ttw HE.

A%rsauKe Iscolllmatad bya 0.25 x 1.59-Imn slit, and the transmitted
W-psrtlcle flux Is detected by a plastlc sc~ntlllator, coupled to a

e
-ltlpller tube. The detonator is transported through the radfation

by a laadscrew, ballnut, stepping-motor combination. Continuws ana-
log KItlon data areavallable, derived from the output from a linear-
●ctwated potantimeter attiched to the scanner. A linp~? e:ectrarreter
-lff~,e~ tk detectti sbml, whlcn IS men integrated for a prestl.-tad
tire. to obtain thedeslred statistical accuracy.

Amlcroprocessor (uP) is used to control the scanner position and to make
tlmdata raadingsat theasslgned positions. The data are stored, and, at
tkc~letionof the scan. are processed Into the desired fnrmet. The
flml ansur Isdlsplayed to the operator or output to a peripheral device
forpesmmt record.

TMs paper will present, indetatl, the charccterlstics of the radiation
source, thacolli~tor, the signal detection and conditioning, and the
fiml results. The scanner and the microprocessor control system will be
Moflyoutlin*.

I. I~TIW

TM -sur-tsystem described here is an auto- The inspection systancc~sists of several, rath-
mtd radiation gauge desfgned especially for
the qwantltative measurement of the density of a

er discrete, components, each of which is de-
scribed in the following sections - the source/

high explosive In a Los Alamos Scientific Labo-
ratory detonator. The proper operation of the

collimator, the detector, the signal-processing
electronics, and, finally, the output device.

fetor can be assured only if this density is
. The basis for the measurement is the The detonator is a Lucite cylinder 3.18-rnno.d.

transmission/absorption of a stream of beta-par- x 1.5 mac-i.d. and a length of 5 IWII. The detona-
ticles by lowatcsnic number (Z), lr)w density (P), tor attenuates &bout 93: of the beta beam.
organic materials - plastic and the high explo-
sive. A block diagram (Fi9. 1) shows the basic inter-

connection of the system.

~hi s work was performed under the aus~ices of the Unit* States Energy Research and Development
Administration.
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The radte.tion source was chos~n on the basis of
thenaterlal thickness, density, and atomic ns
berofthecbject to be inspected. 8yexperi-
-t, ft was determined that the isotopic cm-
blnetlon, strontim-90/yttrium-90, was the best
choice, both for the high ener y beta particle

?(2.28 MeV)and long half.life 28.8 years).
This particular sourceuas readily available
from crnrcial vendors. The collimator design
m% such that the entire HE column was spanned

&
the beta-pertlcle beam in order tominimlze

effects of slight positioning variances.

The source capsule is2-xsndiemby2-nsn height
ulthan actlvityof about 28mCi. It is con-
telnedwithln the collimator assambly by means
of a set screw.

Thecolllmstor assaetbly (Cig. 21 ismechined
fromfourb rassb locks that are inned together
tO forma Cube W&cm square. !he collimator
Is tuo stage, withone stage above and one be-
lou the sample. These are O.X-mn slits that
Mveawiatn ofl.S2=-::da luity~~Of 2.54 fmn.
The total source-to-detector distance is 14.1
m.

3. DETEtiTOR

The detector assambly (Fig. 3) is a plastic scin-
tillator coupled to a photomultiplier tube. The
scintillator is a cylinder 0.64-cm diam by 4.5-cm
length and is a MSL produced material selected
for its near nonexistent delayed fluorescence.
The light shield is beryllium G.2-fim thick,

The photomultiplier tube, an EMI Type 9662B, is
preselected for lou dark current, low noise, and
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hfgh gain. It is uircd to ou*t ● current pro-
portional tc Input 1 Ight. Typical oparatlng vo?-
tages range f- -8@ to -W Vdc. A dc<urrent
mthod rather than pulse counting was chosen be-
cause It anti SI nal avera91m3.

‘#
The ●lectru-

mter used to *II y the S19M1 Ms a long ttm
comt.snt, abuut 0.1 s so that misd fmlses of
short duratiom less than O.1 s, ape not seen on
* ●lectrometeroutput.

~ ;e&s~l:ld 31.8m thick, 12.7- o,d. by
. ., Is lns@rt&l IR- the detector

ah tk socomdary colll~tor to shield tk de-
tectar frm twusstrahlumg.

TM rcsultlng as~ly exh~blts an dge ●ffect
@ 0.1 u as s- In fig. 4. This SWS that
effectlva readings -y be de to within 0.1 m
of ~ ~ of tlu test object, Fig. 4,-

4. MTA S16ML FLW

~ ShJrUl ??c% ;s ●$ foll~, see Fig. 5.
The beta partlclas ●re alttd fra tha source.
Those trans=lttd UOwgh th ~le (about 7S)
are absorbd in tlu sclntillator WtIch -its
light. ThfS is de~td by U9 ~~ltipller.
a l-level cumt Is geibsnted (~but lnA~ ad
input to a linear current ~llfler. TIM m-t
of which Is ln@ to an Integratw.

IJfxm rece~pt of a Start Integra*r sl~l. a
lqic ~ente is Inltlated. This resats tfu
Integrator ml thll~ clrcufts to zero ad stirts
both operating. At ttw ~ of W timl~ Lw{d
tiw Integrator is Wt Into a hold ~ ad a slcr-
M1 Is sent to the AOC to start c~fm. TM
MK. upon c~l~tlchl of tlw converslw, tl~ls
the UP to read tk dlgitil ~. The up
then either stores or m-ocesws tb ~ ad
displays It in units o? wd. M ~ltlm

I
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Fig. 4. Colllrnatoredge efftit.

cf the dati rs~lag is dlspla~ sl-ltanaeMsly.
Both dam ad Positlaa ~ M astplt to *
teletype. ●

Tha Intag’retor is ~sad of tm flald effut
OPefatfml -l tfiars (Mrrls W-2524). tic IS
wird as an Inwgraw, * otlur Is used as a
~1. @ Im!d circuit. Toget!w, tk$e fm
8 unit *t resets to zero, Integrates,●nd Umn
goci into ● ~la-ad-tlold wale. In~ator
llnsarlty - a cmst4nt volta~ is ●ppllad Is
as :- In Fig. 6.

Thetldng com&olls Ms4donal M crystal
osclllatm dfvldad ~ to give 0.1-s wlses.
A can- cwnu O.l-s ~lses until a ~rl -
sun is d uith * Intogratlon tirn intewal
entered into a sat of M *l suitclus.
:l&:s variable fra 0.1 to 99.9 s in 0.1-s

. .— -
a. -Imu

TFM Caltil Sysm Is qsad of Stawrd im
ad will mt be dfsasssad in grat titan.

TM rnin ita of fntmt Is the uP, an Intel
-with Teletype ~Wt and output. External
to th @ Is tb analog-to-digital converter
(~~ a OeltQX 835, with ●ight addressable in-
* -log ports md ten+it output.

~ d~~ (Fig. 7) is a ball-nut stepping mo-
. The stepping nmtor drive incorpor~tes

a ~tary ●lectronic brake. This prevents the
scanner frun o’:crrunntnga posltlon. Position
IS detmmld by dlgltizlny :: analog voltage
~tafned across a 1Inear potentiometer attachd
to * scanner. Repeatab+llty of position IS
S- ‘to h ? 0.05 m.

In tk Mwal Me the scanner Is controlled by
* ~tor frm the scanner control chassis
(Fig. 8). TM Auto MC controls are run by the
~. TM operator Ccmole (Fig 7) contains rmd-
Wt$ for position, dau, status and three
saitches -lnltiliz~, stirt. and almt. Prmanent
record is mde by outputing data to a Teletype.

6. IKSPWTICHi PRfXEUJRE

The RAT, upon receiv~ng an Inltillze signal from
the operator, will run .* built-in step *ge
and generate a set of curve fit constants that
are stored In the LP mry. An entire lot of
ftems wil1 be inspected using thts set of cor,-
stants.

A Start signal frm the operator causes the pro-
cessor to take four readings on a referewce step.
The average of the four readings t% cmpared wtth
the value for this step obt&i~ed during th? Ini-
tillze run. If It Is wfthln . 10~, the processor
then calculates a correction factor. Four read-
ings are made at each of three locations on the
detonator. The mean of each of these three read-
ings are then multiplfed by the correction factor
to correct for bi~,s. Four readings are then made
on the reference step ati canpared with its
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Fig.& Uanual control panel.
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value at the start of the Inspection. System =
drift Is then calculated and each data point %
corrected for systen drift.

k
The corrected data is then converted to density
and output to the Teletype.

7. CALIBRATION

Two variables have to be calibrated the 10-
cation of the date reedlngs on tha detonator an(
the densityof the HE.

The scanner position is continually monitored by
thevP. As the detonator fs carried by the
sc~nner, a means of precisely correlating the
location of data readings on the detonator to
scanner position, hd to be found. A st~~dard
detonator was made d holes (0.15nsn d’ ~ere
drilled in i! at given Iocatiuns. Sc&t. .iliS
standard verified :hat ~osition reading: . Aid re-
produce to within - 0.05 tmn.

The HE density values for the detected S;:-al
were obtained by fabricating a series of :ztona-
tors that spared the expected density rang~.
Uelghtmeasur.ments on the standard detonk:ors
before and after loading with HE yielded the HE
weight. As the volume was known, it became a
simpl calculation to determine the density In
glnlcll#.

Once a master calibration curve was determined, a
Lucite step wedge (secondary standard) wasmackined
thetylelded signal levels span ing the densities

9of Interest, 1.40 to 1.60 gin/cm . Density values
were assigned to ezch step corresponding to Its
transmitted signal value. This step wedge was in-
stalled in and became a permanent part of the
transport nwchenism. A l~near curve fit ~s de-
termined to best define the shape of the calibra-
tion curve, see Fig. 9.

80 RESULTS ANO SUMMARY
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Fig. 9. Calibration cuwe.

In sunsnery, theuse ofa UP has provtdad the
contrcl and data reduction capabilities to yteld
on-line, accurate date with a minimum of opera-
tor time and interaction.

A high intensfty bate source zf long half-life
has proven to give high sensitivity and long-
term stability.

A photograph of the system Is included, see Ffg.
1G.

System sensitivity is a 3% signal change fora
l%HE aenslty change. $ystem accuracy has prov-
en to be 2 0.025 gm/cm3. This was determined by
running the calibration standards a number of
times and computing the mean and standard devlatlon
for each item.
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